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SPARQL/Update for relational databases
Abstract
We present an approach for ontology-based read and write access to existing Relational Databases
(RDBs). SPARQL/Update serves as the data manipulation language that is translated to equivalent SQL
commands according to mappings between the RDBs and the Semantic Web. This addition of write
support enables a full integration of existing relational data into Semantic Web applications.
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Abstract. We present an approach for ontology-based read and write
access to existing Relational Databases (RDBs). SPARQL/Update serves
as the data manipulation language (DML) that is translated to SQL
DML based on mappings between the RDBs and the Semantic Web.
This addition of write support enables the full integration of existing
relational data into Semantic Web applications.
1 Motivation
Relational Databases (RDBs) are used in most current enterprise environments
to store and manage data. While RDBs are well suited to handle large amounts
of data they were not designed to preserve its semantics, especially if data from
different parties needs to be exchanged or integrated.
The Semantic Web provides a common framework that allows data to be
shared and reused across application, enterprise, and community boundaries.
Although invented for the Web, these technologies have proven to be useful in
other domains as well. Recent research1 has shown that an ontology-based access
to relational data reduces the barriers for data exchange and integration.
Ontology-based access to relational data can either be achieved by converting
it all at once or by generating RDF data on demand through a mediator. The
one-time conversion approach is often not feasible due to the following reasons:
(1) Scalability of RDF storage systems is still a topic of research, while relational
databases were highly optimized over the past thirty years; (2) The existence
of legacy applications prohibits the elimination of the relational database; (3)
Mirroring the data in an RDF store does not only increase the total data size
but also leads to consistency issues if the original data or the RDF mirror is
updated. In contrast, the on demand generation has the drawback that it does
not represent a native Semantic Web data source, leaving behind a conceptual
gap between the two worlds of relational data and the Semantic Web.
Current approaches for mapping relational data to the Semantic Web (e.g.
D2R [1], Virtuoso2) are limited to read-only access. The relational data is im-
mutable to the Semantic Web layer, which means modifications to the RDF data
cannot be propagated back into the RDB. However, applications of Semantic
1 e.g. the Linked Data project at http://linkeddata.org
2 http://virtuoso.openlinksw.com
Web technologies apart from the Web domain (e.g. in enterprise environments)
would benefit from the possibility of persistent modifications to the RDF data.
Our goal is to enable ontology-based read and write access to existing data
stored in relational databases. Therefore, we profit from the strength of both
technologies, the scalability in terms of response time and database size as well
as the explicit and formal semantics.
2 Approach
Our approach enables an ontology-based read and write access to existing RDBs.
The use of relational databases as the storage layer should ideally be transparent
to the developer of ontology-based applications. However, due to the conceptual
differences this cannot be realized in general. Our goal is to achieve a max-
imum of transparency while providing support to the developer in the cases
where the relational system is exposed (e.g. if the triples to insert do not contain
enough data to create a legal tuple in the database). This is achieved through
a mediator set up in front of existing RDBs that, based on mappings, trans-
lates requests, results, and errors between the relational representation and the
Semantic Web. Implemented as a SPARQL and SPARQL/Update3 endpoint, it
enables an ontology-based read and write access, a clear separation between data
and applications, independence from any specific Semantic Web framework, and
the possibility to remotely access the data.
The equivalent expressive powers of SPARQL and relational algebra [2] en-
ables that SPARQL queries can be translated completely to SQL for efficient
execution by the database engine. We work on translating SPARQL/Update to
the SQL data manipulation language (DML) with respect to our application sce-
nario, in particular how the SPARQL/Update operations are mapped to SQL
DML and the needed order of execution to reach a consistent database state.
We defined a mapping language to bridge the conceptual gap between the
relational representation of the data and an ontology. Mappings expressed in this
language do not only contain the correspondences between database and ontol-
ogy terms but also all structural information of the database schema needed
to support write operations (e.g. primary keys, foreign key relationships, etc.).
Based on this mapping language, our first prototype supports inserting and delet-
ing RDF data through SPARQL/Update. The prototype exploits the informa-
tion stored in the mapping to execute even complex insert operations spanning
multiple tables with foreign key relationships.
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